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(57) Claim 

1. [n the packing for the purifying device of automotive exhaust gas comprising of a 
vermiculite sheet and a ceramic fiber sheet by lamination, a packing for the purifying device 
of automotive exhaust gas which is characterized by aforesaid vermiculite sheet comprising 
a mixture of expanded vermiculite particles, unexpanded vermiculite particles having a 
particle diameter of more than 35 mesh and organic elastic binder having a weight ratio of 
1:2 to 1:5 being mixed and formed into a sheet under pressure with the required surface 
density, and aforesaid ceramic fiber sheet where ceramic fiber comprising a composition of 
alumina and silica having an average fiber length of more than 50 mm and an average fiber 
diameter of 2 to 4 m being formed into a sheet with binder which is combined with natural 
rubber and polybudene (phonetic: Translator's Note : this should be polybutene). 

Detailed Explanation of the Invention 

This invention relates to the packing for the purifying device of automotive exhaust 
gas, and this invention especially relates to the improvement of packing which is structured 
with expandable sheet material comprising vermiculite as the raw material. 

Expandable sheet material comprising vermiculite as the main material (or packing 
punched and cut processed) has excellent heat resistance to high temperature, and it also has 
a property by which it expands with heat (called volume expansion), therefore it is marked 
as the packing material for filling machines which handle high temperature, and its usages 
and development have been done. 

For instance, in the purifying device for automotive exhaust gas structured by 
accommodating a ceramic made monolith type catalyst where a noble catalyst is carried in a 
metal cylindrical container, aforesaid expandable sheet is used for the filling between the 
monolith type catalyst (hereinafter it is abbreviated as monolith) and the cylindrical 
container (hereinafter it is abbreviated as external cylinder), or it is used as the retaining 
material which supports the monolith. 

As aforesaid monolith used for aforesaid purifying device for automotive exhaust gas, 
it comprises of a ceramic base material having a low thermal expansion coefficient to the ' 
extent of 1.2 x lO'VC, and an extrusion molded product having a honeycomb wail to the 
extent of 0.15 mm to 0.3 mm is most suitable to respectively satisfy the three requirements 
of heat resistance, resistance to shock and multi-contact surface area, but there is technical 
difficulty with this whole purifying device because there is a large gap between the thermal 
expansion coefficient and the degree of shrinkage of the monolith and the external cylinder, 
therefore a special device to retain the monolith in the external cylinder is necessary. 
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Especially, recently there has been a tendency to increase the instance of using an 
exhaust gas purifying device in the neighborhood of the engine exhaust manihold part 
which has a higher temperature, and in this case heat resistance steel having a thermal 
expansion coefficient 1.5 times that of cast steel is adopted to aforesaid external cylinder 
material, and also to seek an improvement in the capabilities of aforesaid three 
requirements; in the case of considering the adoption of a monolith where its honeycomb 
wall is thin and strength is weak, packing which has an abundance of cushioning and is 
- softer than conventional is required; furthermore, for the reason of improving the 
capabilities of the monolith, the sealing properties of gas to avoid the bypass of unpurified 
exhaust gas between the monolith and the external cylinder has been strictly required. 

As the retaining material of the packing for a monolith which can partly or completely 
satisfy aforesaid requirement, various materials and structures have been proposed; in one 
of these, elastically retaining it with a spring and a bellows made of heat resistant steel, or ' 
where the fine metal of the same material is knitted and compression molded are partly 
utilized as the retaining material having elasticity, but there is a disadvantage where the 
temperature of the carrier often overheats by abnormal exhaust gas, and when this high 
temperature becomes more than 600°C, the metal of the bellows molded spring loses the 
elasticity, the role of the retaining material cannot be done, furthermore, the monolith 
becomes unstable by the pressure of the exhaust gas and the vibration of the engine, etc., and 
it will finally break. Also, aforesaid fine metal molded has a disadvantage because it is too 
rough to seal exhaust gas, and therefore complete purification cannot be expected. 

Also, as means which do not use metal materials, a means where inorganic fiber 
material is packed bet^veen the monolith and the external cyUnder has been proposed, and it 
has the advantages of having high heat resistance temperature, and it is also able to 
completely seal the space between the monolith and the external cylinder, therefore 
untreated exhaust gas does not leaks, etc., but for the monolith to effectively be retained for 
a long period under the vibration of the engine and at the time of driving and also for the 
heating and cooling cycle, it is necessary for the packing density of the packing to be 
sufficiently high, also a special external cylinder, for instance, a multi-divided type metal 
cylindrical container is used for the packing, the thick mat state fiber material wrapping the 
interior of the monolith is strongly compressed, and it is fixed with a screw or a band, etc.; 
this purifying device becomes complex, and therefore this means also has disadvantages. 

In consideration of improving aforesaid means, there is a means which uses packing in 
which vermiculite particle is mi.xed in inorganic fiber material, this is packed between the 
monolith and the container, the vermiculite is then expanded by the exhaust heat of the 
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engine and the inorganic fiber material is strongly compressed, and the monolith is retained 
by this which has been proposed, and it is partly utilized. 

But even in the case of using this packing mixed with vermiculite, when the monolith 
is securely retained under severe actual driving conditions, it must be packed by strong 
compression to the extent of 50 to 60% of the packing thickness, its strong compression 
action breaks the side wall of the monolith, and accidents occur often. 

Also, by usage of the property of the thermal expansion of the vermiculite particles, the 
vermiculite particles are made into a sheet, and a sheet laminated with this and ceramic 
paper has been proposed in this invention, and this packing shows excellent durability of its 
retaining strength, but this material is stiff, and the packing amount is determined by 
measuring the dimensions of the external diameter of a monolith having large 
dimensional tolerance, and it is rolled and inserted; however there are complicated 
processes. 

The present inventors have examined the advantages and disadvantages of aforesaid 
various packing, and this invention was presented for the purpose of developing packing 
which possesses softness by utilizing the characteristics of vermiculite sheet which 
manifests large durability of its retaining strength proposed by the present invention and 
can be easily inserted into the narrow space between aforesaid monoUth having large 
dimensional tolerance, and the external cylinder retains the monolith, and it maintains its 
retaining strength for a long period under repeated variations in space dimension with 
thermal expansion by high temperature at the time of exhaust gas purification and cooling 
cycle at the time of a stopped engine. 

Furthermore, this invention was accomplished by the attention given to the 
vermiculite particle sheet presented by the present inventors and sheets such as fiber sheet, 
etc., being able to be separately prepared, and in the preparation of the vermiculite sheet, 
with regard to granules which are technically impossible to mix has also been examined, 
also with regard to various ceramic fibers, durability tests under circumstances which are 
close to actual utilization have repeatedly been done, and the result is that variation in 
retaining strength tested after a long period has been recognized even in those having 
unidentical initial retaining strengths, it has been recognized that only ceramic fibers in a 
certain range show excellent capability, also by the combination of natural rubber and 
polybutene as the elastic binding material of the ceramic fiber layer, it has been found that it 
can be endowed with flexibility and flexing resistance which have suitable fitness in the 
actual insertion device, and this invention was accomplished on the basis of this 
knowledge. - • 
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The vermiculite used in this invention is one kind of mica mineral; when it is heated, 
it expands to more than a few hundred times and it becomes a book state or accordion state, 
and granule state vermiculite having excellent noise absorption and thermal insulation 
properties has been known, and various organic or inorganic binding materials mixed with 
this is used in large quantities to building materials, fire resistant materials, etc. 

Also, plate state vermiculite which is packed in the space of the iron plate, etc., and is 
thermal expanded has excellent cushioning, and its usage as the retainer of the monolith for 
the purifying device of automotive exhaust gas has been proposed before by the present 
inventors. 

These vermiculites are now available as a product of the Parabola in South Africa and 
as a product of Montana in North America are used. The properties of these vermiculites 
are shown in Table 1. 



Table 1 



In South Africa Product of Parabola 


Product of Montana 


Size 4 3-7 mesh 


#1 3-10 mesh 


Size 3 5-12 mesh 


#2 8-14 mesh 


Size 2 9-24 mesh 


#3 10-35 mesh 


Size 1 16-42 mesh 


#4 28-65 mesh 



Also, the ceramic fiber used in this invention is alumina and silica having a weight 
ratio of approximately 1 melted in an electric oven, and it is made into fine fiber by the 
usage of high speed air flow or high speed rotating disc. 

According to the objective heat resistance temperature, the compounding ratio of AI2O3 
• Si02 is changed, and according to the temperature of the solution and the fibering method, 
these ceramic fibers are produced as an aggregate bark having a fiber length of 25 to 250 mm 
and a fiber diameter of 1.5 to 6 [i, and it is used as high temperature thermal insulation 

. material at a glass softening temperature of approximately 850°C and a usage temperature of 

1 1100 to 1500°C in the form of a paper blanket, textile product, etc. 

The packing to retain the monolith type catalyst which is fundamentally the 
vermiculite sheet has been proposed before by the present inventors, that is to say, a 
mixture comprising of unexpanded vermiculite granule, forming the expanded vermiculite 
granule and organic elastic binding material into a sheet under pressure having a thickness 
to the extent of 0.5 to 1.5 mm, especially selecting vermiculite having prescribed diameter, 
and laminating a sheet comprising of ceramic fiber and special binding material onto one 
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side surface or both surfaces of the sheet having flexibility are the characteristics of this 
structure, and the retaining strength can be maintained by this structure under severe usage 
conditions. 

In the packing for the purifying device of automotive exhaust gas comprises a 
vermiculite sheet and ceramic fiber sheet by lamination, the essential of this invention is 
packing for the purifying device of an automotive exhaust gas where aforesaid vermiculite 
sheet comprises a mixture of expanded vermiculite granules, unexpanded vermiculite 
granules having a granule diameter of more than 35 mesh and organic elastic binder having 
a weight ratio is 1:2 to 1:5 are mixed and formed into a sheet under pressure with the 
required surface density, and aforesaid ceramic fiber sheet where ceramic fiber comprises of 
a composition of alumina and silica having an average fiber length of more than 50 mm 
and an average fiber diameter of 2 to 4 |i is formed into a sheet with binder combined with 
natural rubber and polybutene (Translator's Note : the Japanese original here says 
polybudene). 

Next, the details of the content of this invention will be explained on the basis of actual 
testing. 

As a typical example of the usage condition of the purification device of automotive 
exhaust gas where the packing by this invention was installed, the external diameter of the 
monolith was 94.5 ±1.5 mm, the maximum temperature of the side wall of the monolith 
was 600 to 850°C, the inner diameter of the metal external cylinder was 100 mm, the 
maximum temperature was 300 to 350°C and an acceleration to the extent of 5G was 
received by the vibration of the engine. 

The packing amount which packed the space (2.0 to 3.5 mm) between the monolith and 
the external cylinder was, the amount of bearing strength became more than the pressure 
resistance strength of the side wall of the monolith when the packing was compressed into a 
minimum space dimension of 2.0 mm, there was the fear that the monolith would break, 
and when the amount was less than that, the retaining strength of the monolith was 
lowered, therefore the thickness (surface density) of the packing determined when the 
bearing strength of the packing compressed into the minimum space dimension became the 
pressure resistance strength of the side wall of the monolith was the allowable amount of 
maximum packing. 

To satisfy the aforesaid condition, the testing device and the testing material were 
examined, and packing (25 mm width) for the monolith was rolled onto the outer periphery 
of a silica glass cylinder having an outer diameter of 93 mm, the monolith rolled with the 
packing was inserted into a heat resistant steel cylinder having an inner diameter of 100 
mm and a thickness of 6 mm through a jig and this was the testing device; a cover was put 
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onto this testing device, the shearing stress corresponding to the force (0.7 kg) that the 
monolith was pushed out by exhaust gas and the force (4.2 kg) which was estimated to be 
received when the monolith was vibrated with lOG was allowed to be applied, weight was 
loaded onto the heat resistant steel cylinder, heat application and cooling were done by 
adjusting the amount of power supply to raise the temperature of the external cylinder to 
SSCC taking 30 minutes than the inner part of the'silica glass, and the amount of 
compressed air blowing from the inner part of the silica glass cylinder was adjusted to lower 
the temperature to 50°C for following 30 minutes, the procedure of this heat application and 
cooling process was one cycle and these procedures were done repeatedly, by 4.9 kg loading, a 
limit switch was operated when 2 mm shear occurred between the silica, glass cylinder and 
the heat resistant steel external cylinder, and the number of heating and cooling cycles 
which were withstood was recorded, and the samples which withstood the heating and 
cooling cycle 50 times passed. 

However, the thermal expansion coefficient of the silica glass cylinder was 0.5 x 10*6/ °C, 
which was smaller than the monolith's 1.0 x 10-6 /°C, and also its loading was large. These 
conditions are more severe than the conditions of an actual car. 

The pressure resistance strength of the monolith was set to 25 kg/cm^, and to determine 
the acceptable maximum packing amount and also to match the retaining strength of the 
monolith to the required test condition, the combination of the minimum amoimt of 
vermiculite and the maximum amount of ceramic fiber having cushioning properties were 
determined, ceramic fiber sheets and vermiculite sheets having the mixing amount shown 
in Table 2 stated below were prepared, compression tests were done on them, and the 
combination where the bearing strength was in the vicinity of 25 kg/cm2 at a thickness of 2.0 
mm which was the minimum dimension of the space of the external cylinder was selected. 

Table 2 



Samples 


Surface Density of 
Ceramic Fiber Sheet 


Surface Density of 
Vermiculite Sheet 


Compression Stress 
of 2.0 mm Space 


(A), 


1.75 kg/m2 


1.0kg/m2 


20.3 kg/cm2 


(B) 


1.35- 


1.35 


24.2 


(C) 


0.95 


1.80 


41.0 



(the combination of ceramic fiber sheet and vermiculite sheet refers to the Practical 
Examples stated below) 
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According to the table shown above, when the surface density of the packing for 
monolith was 2.7 kg/m-, the combination in (B) was appropriate; in the case of (A), the 
amount of vermiculite sheet was small and the durability of the retaining strength of the 
monolith was insufficient, in the case of (C), the monolith side wall was broken when the 
monolith was inserted into an external cylinder more than the pressure resistance strength, 
therefore hereinafter samples having the surface density in (B) were used. 

Next; the durability test of the vermiculite granules and the ceramic fiber which are the 
main structural materials of the packing in this invention was done- 

For the vermiculite sheet, the brands shown in Table 1 were used, and for the ceramic 
fiber sheet, fibers having different average fiber length and average fiber diameter were 
used. The surface density of the ceramic fiber sheet and the vermiculite sheet were as stated 
above. 

The results of the durability test by repetition of the heating and cooling procedure as ' 
described above are shown in Table 3. 
Table 3 



Fiber Fiber 
Length Diameter 


South Africa- 
Product of Parabola 


Product of Montana in 
North America 


Comparative 
Example 
#4 

28-65 mesh 


Size 3 

5-12 

mesh 


Size 1 
16-42 
mesh 


#2 

8^-14 
mesh 


#3 
10-35 
mesh 


#4 
28-65 
mesh 


50 mm 


6|i 


(14) 




e 


(39) 






2.2 |i 


e 


X 

(9) 


® 


® 


X 

(8) 


X 

(32) 




Fiber 
Length 


Fiber 
Diameter 


South Afr 
Product 0 


ica- 

f Parabola 


Product of Montana in 
North America 


Comparative 
Example 

#4 

28-65 mesh 


Size 3 

5-12 

mesh 


Size 1 
16-42 
mesh 


#2 

8-14 
mesh 


#3 
10-35 
mesh 


#4 
28-65 
mesh 


32 mm 


1.5^1 


(27) 




X 

(45) 


X 

(12) 






6 m 
2.2 fi 


X 

(4) 




(15) 








X 

(S) 




® 








1.5 m 


X 

(3) 




X 

(9) 
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• surface density of the vermiculite sheet 1.35 kg/m^ 

• surface density of the ceramic fiber 1.35 kg/m2 

• the number in the parenthesis is the number of heating and cooling cycles 

• X mark means 2 mm shear occurred between the silica glass cylinder and the external 
cylinder 

• 0 mark means shear did not occur in 50 times of the heating and cooling cycles 

Generally large diameter vermiculite granule is effective, also it was corifirmed that the 
long fiber length of the ceramic fiber and a fiber diameter in the vicinity of 2.2 \l is excellent. 

Also, in the case of mixing the vermiculite fine granules into the ceramic fiber (equality 
of combination and surface density of the sheet) which is a conventional technique 
compared with" the examples of this invention, the durability of the retaining strength was 
insufficient, and it was confirmed that the packing for monolith could not be used under 
severe condition as shown by the comparative example in Table 3. 

The packing by this invention comprises a vermiculite layer and a ceramic fiber layer as 
described above, and it is expected that the unexpanded vermiculite is expanded and 
becomes an expandable vermiculite sheet having elasticity and a thickness a few times tihat 
before expansion, therefore there is the expectation that the durabiUty of the retaining 
strength is different when it is installed by contacting with the monolith side wall which is 
the high heat surface, and when the vermiculite layer is installed in the middle of the 
monolith side wall and the inner wall of the external cylinder, the laminated packing 
[ceramic fiber sheet X kg/m2 + vermiculite sheet Y kg/cm2 + ceramic fiber sheet Z kg/m2j i 
laminated from the monolith side wall which has both density is prepared as shown in 
Table 4, and durability tests were done, and the result is it was confirmed that there was 
durability of the retaining strength only when (A) and (B) in the table were combined, that 
is to say, only when the vermiculite layer is close to the monolith side. 
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Table 4 





Fiber length 
Fiber diameter 

N'lonolith """^--^^^^Vermiculite 
Slide ^~^graniile 

External ^"""-^^^^^ 

Cylinder Side 


50 mm 
2.2^1 

Product of 
Montana in 
North America 


50 mm 
2.2 n 

Product of 
Montana in 
North America 




X 


Y 


Z 






A 


0 


1.35 kg/m2 


1.575 kg/m2 


e 


e 


B 


0.20 kg/m2 


1.35 kg/m2 


1.35 kg/m2 


e 


© 


C 


0.45 kg/m2 


1.35 kg/m2 


1.13 kg/m2 c 


X 

(8) 


X 

(19) 


D 


0.68 kg/m2 


1.35 kg/m2 


0.90kg/m2 c 


X 

(27) 


X 

(21) 



• the numbers in the parenthesis is the number of heating and cooling cycles 

• X mark means 2 mm shear occurred between the silica glass cylinder and the external 
cylinder 

• ® means shear did not occur in the 50 times of the heating and cooling cycles 



Next, the binder of the ceramic fiber is described. 

In the packing in this invention, vermiculite having a surface density to the extent of 
1.35 kg/m^ in a sheet is necessary as described above, and with regard to a ceramic sheet 
laminated with this, the bulk specific gravity of a usual ceramic fiber blanket is 0.13 g/cm^, 
its thickness is to the extent of 10 mm and it has weak strength, therefore it carmot be 
handled as the packing for monolith. 

Also, while the bulk specific gravity of the ceramic fiber paper is 0.3 g/cm^, it has a 
thickness of 4.5 mm and it has strength, but when it is laminated with aforesaid vermiculite 
sheet, its total thickness becomes to the extent of 6 mm, and when it is wound onto the 
periphery of the monolith, a stretching force is applied to the outer layer of the ceramic fiber 
paper, the binding on the vermiculite layer is peeled off, or wrinkle occurs on the 
vermiculite layer. 

To solve these difficulties, various binders, for instance, rubber adhesive such as NBR, 
SBR, NR, etc., have been examined, and finally aforesaid difficulty does not occur when 
only NR and polybutene (PB) are combined. 

That is to say, with regard to the binders combined with NR and PB as shown in Table 5 
below are, even in ceramic fiber sheets having the same surface density, the thickness of the 
sheet can be thin, adherence with the vermiculite sheet is perfect even in the condition of 
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flexing to a 93 mm diameter of the monolith, it easily stretches as a sheet, and also cracking 
does not occur. 

Especially, in the binder where the amount of NR and PB is increased to double shown 
by example g in Table 5, its layer is thin and its surface density is high, it has sufficient 
strength and sheet flexibility, and it shows a stretchable property, and a conventional 
ceramic fiber sheet like this does not exist. 



Table 5 





binder 


Thickness 


Observation Rex 

to Monolith Periphery 

Diameter 


NBR 


SBR 


NR 


PB 


a 


7.5% 








5.3 nun 


occurrence of crack 


b 




7.5% 






6.9 " 


*t 


c 






7.5% 




4.5" 


separation between the 
vermictilite layer and the 
ceramic fiber layer 


d 






5 


2.5 


4.3 " 


If 


e 






2.5 


5 


4.0 " 


Excellent 


f 








7.5 


12.0 " 


No overall capability 


S 






5 


10 


3.5 " 


Excellent 



The summarized results on the basis of the practical test data above is shown as the 
practical example described below. 

Practical Example 

0.6 kg bulk state ceramic fiber having an average fiber length of 50 mm and an average fiber 
diameter of 2.2 [l was placed in a 100 1 testing beater, it was heated for 5 minutes without 
loading the beater edge, and the shot precipitated bottom of the beater was removed, 0.45 kg 
ceramic fiber pulp was obtained, 45 g polybutene (HV-300, 100° less 32000 kinetic viscosity) 
manufactured by Nihon Sekiyu (KK) and 22.5 g natural rubber (LCS Lever Techs) 
manufactured by Lever Techs (phonetic) (both emulsion) were placed in this, it was allowed 
to set by adding a small amount of alumina sol • sulfate bond, this ceramic fiber pulp was 
made into a sheet by a 1 m x 0.33 m handmade paper machine, it was dried by compressing 
with a bearing strength of 10 kf/cm2, and semi-wet powder which was mixed on this 
ceramic fiber sheet with: 
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size 3 expanded vermiculite granule (Product No. T/#5888 manufactured by Nichiasu 

0.1 kg 

vermiculite granule #2 product of Montana in North America 0.35 kg 

NR (LCS Lever Techs 60% solid content) 0 012 k 

water _ , 

0.070 1 

was uniformly spread at a thickness of approximately 5 mm with a roller, and both surfaces 
of the sheet were laminated thin sheet having a surface density of 0.2 kg/m^ and it had the 
same combination as aforesaid ceramic fiber sheet on it held with a wire net pressure was 
applied to it at a bearing strength of 15 kg/cm2, between the sheets was sealed with rubber 
latex oozing out from the vermiculite semi-wet powder layer, and this laminated sheet was 
dried. It was cut into tape having a width of 25 mm, and it was the packing for monolith 

Aforesaid packing was wound onto the outer periphery of a silica glass cylinder having 
an outer diameter of 93 mm which was supposed to the monolith, the monolith wound 
with the packing inserted into a heat resistant steel cylinder having an inner diameter of 100 
mm and a thickness of 6 mm through an insertion jig was the sample, a cover was placed 
on this specimen, and a shearing stress corresponding to the 0.7 kg force that the monolith 
was pushed out by the exhaust gas and the force (4.2 kg) which it was estimated to receive 
when the monolith was vibrated by lOG was allowed to be appUed, a weight of 4.9 kg was 
loaded onto the heat resistant steel cylinder, heat application and cooling were done by 
adjustmg the amount of power supply to raise the temperature of the external cylinder to 
350°C taking 30 minutes than the inner part of the silica glass, the amount of compressed air 
blown from the inner part of the silica glass cylinder was adjusted to lower the temperature 
to 50°C m the following 30 minutes, the procedure of this heat application and cooling 
process was one cycle and this procedure was done repeatedly 50 times, and even after that 
no shear occurred between the silica glass cylinder and the external cylinder, and it passed. 

Also, the purifying device where aforesaid packing was packed to monolith with tape 
was integrated into a car engine, test of full engine revolution was done for 200 hours, and 
the result was that damage of the monolith was not recognized. Also, shear of the 
monolith was also not recognized. 

As stated above, according to this invention, in the packing for the purifying device of 
automotive exhaust gas comprising a vermiculite sheet and a ceramic fiber sheet by 
lamination, aforesaid vermiculite sheet comprises a mixture of expanded vermiculite 
granules, unexpanded vermiculite granules having a granule diameter of more than 35 
mesh and organic elastic binder having a weight ratio of 1:2 to 1:5 were mixed and formed 
into a sheet under pressure with the required surface density, and aforesaid ceramic fiber 
sheet where ceramic fiber comprises a composition of alumina and silica having an average 
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fiber length of more than 50 mm and an average fiber diameter of 2 to 4 m. was made into 
sheet with binder which was combined with natural rubber and polybutene (Translator's 
Note : the Japanese original says polybudene), therefore as the packing which is inserted 
and configurated into the space between the monolith and the cylinder of the purifying 
device for automotive exhaust gas, and packing which maintains a suitable retaining 
strength of the monolith for a long period in the case of repetitious variation of the space 
dimension thermal expansion by the heating and cooling cycle between the time of 
purifying the exhaust gas at high temperature and stopping the engine at ordinary 
temperahire, by this, it can greatly contribute to improving the durability of the purifying 
device of automobile exhaust gas. 
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